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Abstract

A cypovirus from the mosquito Culex restuans (named CrCPV) was isolated and its biology, morphology, and molecular characteris-
tics were investigated. CrCPV is characterized by small (0.1–1.0 �m), irregularly shaped inclusion bodies that are multiply embedded. Lab-
oratory studies demonstrated that divalent cations inXuenced transmission of CrCPV to Culex quinquefasciatus larvae; magnesium
enhanced CrCPV transmission by »30% while calcium inhibited transmission. CrCPV is the second cypovirus from a mosquito that has
been conWrmed by using molecular analysis. CrCPV has a genome composed of 10 dsRNA segments with an electropherotype similar to
the recently discovered UsCPV-17 from the mosquito Uranotaenia sapphirina, but distinct from the lepidopteran cypoviruses BmCPV-1
(Bombyx mori) and TnCPV-15 (Trichoplusia ni). Nucleotide and deduced amino acid sequence analysis of CrCPV segment 10 (polyhe-
drin) suggests that CrCPV is closely related (83% nucleotide sequence identity and 87% amino acid sequence identity) to the newly char-
acterized UsCPV-17 but is unrelated to the 16 remaining CPV species from lepidopteran hosts. A comparison of the terminal segment
regions of CrCPV and UsCPV-17, an additional method for diVerentiating various Cypovirus species, revealed a high level of conserva-
tion. Therefore, we propose that CrCPV is a member of the Cypovirus-17 group and designate this species as CrCPV-17.
  2005 Elsevier Inc. All rights reserved.
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1. Introduction inclusion bodies by the insect, the alkaline pH and protein-
Occluded RNA viruses of insects (formerly cytoplasmic
polyhedrosis viruses) have been classiWed in the family Reo-
viridae within the genus Cypovirus (CPVs). CPV virions are
embedded (occluded) by a polyhedrin protein to form the
resulting inclusion body (Xia et al., 1991). Zhang et al.
(1999) reported that CPVs have a single-shelled capsid
instead of a multiple-shelled organization as found in other
Reoviridae members. These icosahedral, cubic, or some-
times irregular particles infect midgut cells of a wide range
of insects (Payne and Rivers, 1976). After ingestion of the

* Corresponding author. Fax: +1 352 374 5966.
E-mail address: tgreen@gainesville.usda.uX.edu (T.B. Green).
0022-2011/$ - see front matter   2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.jip.2005.10.007
ases of the intestinal track break down the polyhedrin and
release the virions, which enter and replicate in the cyto-
plasm of midgut epithelial cells (Mertens et al., 1999, 2004b;
Zhang et al., 1999). Most CPV infections produce chronic
disease with low mortality although some are pathogenic
(Mertens et al., 1999, 2004b).

CPV genomes usually consist of 10 double-stranded RNA
(dsRNA) segments (Seg-1 to Seg-10) (Fujii-Kawata et al.,
1970). An eleventh segment has been shown in cypoviruses
from TnCPV-15 (Trichoplusia ni), AmCPV-4 (Antheraea
mylitta) and BmCPV-1 (Bombyx mori). (Arella et al., 1988;
Qanungo et al., 2002; Rao et al., 2003). The RNA segments
are composed of plus-strand mRNA and its complementary
minus-strand in an end to end based-pair conWguration with
the exception of a protruding 5� cap on the plus-strand
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(Furuichi and Miura, 1975). Based on the migration pattern
of the genome segments on a 1% agarose or 3–5% polyacryl-
amide gel, CPVs are classiWed into 17 distinct electrophore-
types (Mertens et al., 1989, 1999, 2004b; Payne and Mertens,
1983; Payne and Rivers, 1976; Shapiro et al., 2005).

With the exception of a single isolate from mosquitoes,
Uranotaenia sapphirina (UsCPV-17) (Shapiro et al., 2005),
only lepidopteran cypoviruses have been characterized
(Mertens et al., 2004b). However, there are many additional
cypoviruses (>230) from other lepidopteran, dipteran, and
hymenopteran hosts that have been reported but not classi-
Wed (Andreadis, 1981; Mertens et al., 2004b). One of these is
an unclassiWed CPV from the mosquito Culex restuans
(Andreadis, 1986). Here, we report on the re-isolation of
this CPV from Cx. restuans (named CrCPV) and present
molecular evidence that CrCPV is most closely related to
the recently isolated UsCPV-17 and propose that it be des-
ignated as CrCPV-17.

2. Materials and methods

2.1. Field collections and gross pathology of mosquitoes

Mosquito larvae were collected from various permanent
water habitats in the environs of Alachua County, Florida,
USA. Cx. restuans (the target host of this study) is a sea-
sonal species in this region and is most prevalent during the
winter months of January through March. Larvae were col-
lected from the Weld sites following previously described
protocols (Becnel et al., 2001) and returned to the labora-
tory for processing. Larvae were separated by species, and
placed on a clear petri dish with a minimal amount of water
for examination. Infected midgut cells were detected using a
dissecting scope by viewing larvae from the ventral side on
a dark background. The total number of larvae, the propor-
tion of each species present, and the percent infection were
recorded from each collection.

2.2. Virus production

Culex quinquefasciatus was used as the host in all labora-
tory bioassays because Cx. restuans has not been colonized.
Groups of 3000 early fourth instar Cx. quinquefasciatus lar-
vae (5 days old) were held in 500 ml water without food at
24 °C overnight, then exposed to 100 homogenized CrCPV
infected cadavers in 10 mM MgCl2 with food (0.2% alfalfa/
pig chow 2:1) and held at 27 °C for an additional 24 h. The
following day, the larvae and exposure media were trans-
ferred to trays to a Wnal volume of 3 L (MgCl2 concentra-
tion of 1.7 mM). Larvae were held for an additional 3 days
and examined under a dissecting microscope for patent
infections.

2.3. PuriWcation of CrCPV

Groups of between 100 and 500 infected larvae were
homogenized in 5–10 ml of deionized water and strained
through a 400 mesh nylon screen. The Wltrate was layered
on top of an HS-40 Ludox continuous gradient and centri-
fuged at 16,000g for 30 min. The resulting band containing
puriWed virus formed at an estimated density of
1.157 § 0.002 (mean § SE), n D 6. The viral band was recov-
ered, washed in 0.1 mM NaOH three times, and held in
0.1 mM NaOH at 8 °C.

2.4. Cation assays

Groups of 100 mosquito larvae (third star) were exposed
to puriWed virus (»10 larval equivalents (LE) of CrCPV) in
100 ml deionized water in the presence of 0 or 10 mM
MgCl2, and/or 10 mM CaCl2, and 0.04% alfalfa/pig chow
(2:1) for food. Controls included exposure of larvae to only
10 mM MgCl2, 10 mM CaCl2 or virus alone. The bioassays
were repeated for a total of three trials. The larvae were
examined 3 days after exposure under a dissecting micro-
scope against a dark background and checked for visible
signs of infection.

2.5. Ultrastructural studies (electron microscopy)

Dissected midguts of fourth instar larvae infected with
CrCPV were processed for electron microscopy as
described in Shapiro et al. (2004). BrieXy, dissected midguts
were Wxed in 2.5% glutaraldehyde for 2 h, postWxed in 2%
osmium tetroxide for 1 h, dehydrated in an ethanol series,
and embedded in epon–araldite. Thin sections were stained
in uranyl acetate and lead citrate, examined, and photo-
graphed at 75 kV.

2.6. Electropherotype analysis of CrCPV

A QIAampViral Mini Kit from Qiagen was used to
extract genomic dsRNAs of CrCPV from puriWed polyhe-
dra (Hagiwara et al., 2002; Rao et al., 2003). After precipi-
tating, washing, drying, and resuspending the RNA in
RNase free water, »100 ng was analyzed on a 1% agarose
gel. Ethidium bromide was integrated into the gel at a Wnal
concentration of 0.5 mg/ml. Genomic RNA from BmCPV-
1, TnCPV-15, and UsCPV-17 was added to the gel to com-
pare the electrophoretic proWle of diVerent cypoviruses. The
sequences of BmCPV-1, TnCPV-15, and Seg-10 of UsCPV-
17 (Accession No. AY876384) genomes are accessible in
GenBank.

To compare structural protein proWles of CrCPV with
that of UsCPV, puriWed virions were denatured by boiling
in protein sample buVer and analyzed by electrophoresis
using a standard 12% SDS–polyacrylamide gel (PAGE)
(Laemmli, 1970).

2.7. cDNA synthesis, ampliWcation by PCR, cloning, and 
sequencing

The conditions for cDNA synthesis, ampliWcation by
PCR, cloning, and sequencing are similar to the protocols
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published by Shapiro et al. (2005). BrieXy, RNA was iso-
lated using a QIAampViral Mini Kit (Qiagen) after puriW-
cation of the CrCPV. The dsRNAs were then ligated to the
anchor primer using T4 RNA ligase (New England Biolab).
AMV reverse transcriptase (Promega) was used to synthe-
size cDNA. PCR was completed (Advantage 2 PCR Kit
(Clontech)) using the primer 5-15-1 that was complemen-
tary to the anchor. The conditions for 30 cycles were 95 °C
for 30 s and 68 °C for annealing/extension for 3 min.

PCR products were separated on a 1% agarose gel. The
expected size of Seg-10 was »900 bp. Seg-10 was then
excised, puriWed, A-tailed by Taq enzyme (10 min at 72 °C
with 200 nM dATP in 1£ Taq buVer), and cloned into
pGEM-T Easy vector. The clone insert from Seg-10 was
ampliWed by PCR using SP6 and T7 primer pairs and was
conWrmed by the lengths of the PCR product and by
restriction mapping. Four clones from Seg-10 were com-
pletely sequenced using SP6 and T7 primers with a dye ter-
minator cycle sequencing ready reaction kit on a Beckman
CEQ8000 system. In addition, the obtained sequences were
used to design primers for direct sequencing of the RT-
PCR products from Seg-10 (without cloning), thereby con-
Wrming the cloned sequence data.

2.8. Homology analysis

Homology searches of the nucleotide and predicted
amino acid sequence of CrCPV were performed using
BLAST (NCBI). Alignment of CrCPV Seg-10 to various
CPV polyhedrins from GenBank was performed using
Blast 2 sequences (bl2seq) (Tatusova and Madden, 1999)
on the NCBI website (http://www.ncbi.nlm.nih.gov/blast/
bl2seq/wblast2.cgi).

3. Results

3.1. Field collection and gross pathology

Culex restuans infected with a cypovirus were Wrst col-
lected in Gainesville, FL, USA, in February, 1998. The
infected midguts were visible through the cuticle on the
larva’s ventral side. White, irregular shaped regions restricted
to the cytoplasm were present in the posterior midgut and in
the gastric caeca. Infected larvae (Table 1) were found in six
collections with an average infection rate of 21.1§6.7%
(mean §SE). The number of larvae collected ranged from 4
to 140 larvae (38.2§21.2). Cypovirus infections were also
found in Culex salinarius in three of the collections

Table 1
Field collection of mosquitoes with CrCPV-17

Host Number of 
collections

Larvae 
collected

Percent 
infections

Cx. restuans 6 38.2 § 21.2 21.1 § 6.7
Cx. salinarius 3 29.0 § 15.4 7.2 § 6.4
Cx. territans 3 15.7 § 7.4 0
Cx. nigripalpus 1 5 20
(7.2§6.4%), and Culex nigripalpus in one collection (1 of 5
larvae for 20% infection rate). Culex territans were present in
three of the collections, but none were infected.

3.2. Cation assays

Laboratory transmitted infections in Cx. quinquefascia-
tus were similar in appearance to naturally infected Cx.
restuans. Patent infections were not produced in Cx. quin-
quefasciatus larvae when exposed to CrCPV in deionized
water alone. However, signiWcant infection levels (»30%)
were obtained with the addition of magnesium during virus
exposure (Table 2). The addition of calcium ions to the
water in the presence of magnesium dramatically inhibited
infection levels to »2.0%.

3.3. Ultrastructural studies

Electron microscopic observation of infected larval mid-
gut tissues showed viral infection in the cytoplasm of epithe-
lial cells in the gastric caecae and posterior stomach. Non-
occluded and occluded viral particles were not scattered
throughout but were often localized in some areas of the
cytoplasm (several per cell) (Figs. 1A and B). These areas
generally lacked the normal cytoplasmic organelles and ribo-
somes, although other regions of the cells appeared
unchanged containing all of the typical cellular organelles
(Fig. 1A). Regions of virogenic stroma also lacked the typical
cytoplasmic organelles and had an electron density close to
that of ribosomes (Fig. 1B). Virus particles in the virogenic
stroma were randomly distributed. Non-occluded virus parti-
cles (approximately 50nm in diameter) consisted of a poorly
deWned capsid (icosahedral in shape, 32 nm in diameter) with
projections (10–15nm long) and an electron-dense core
(darker than ribosomes and virogenic stroma, approximately
22nm in diameter) (Fig. 1C). Virions were mostly occluded
singly by the deposition of a crystalline polyhedrin matrix
around individual particles, although mature inclusion
bodies were pleomorphic with multiple virions (up to 20 viri-
ons in a cross section) and were formed by the coalescence of
smaller inclusions (Figs. 1D and E).

3.4. Electrophoretic separation of dsRNA from CrCPV

The genome of CrCPV separated into 10 distinct seg-
ments on a 1% agarose gel (Fig. 2, lane 2). Comparison of

Table 2
Infection rate of CrCPV-17 in Cx. quinquefasciatus

3rd instar larvae exposed and examined 3 days postinoculation.

CaCl2 conc (mM) CrCPV (LE) Infection rate (%)

0 mM MgCl2 10 mM MgCl2

0 0 0 0
0 10 0 29.9 §  21.4

10 10 0 0
10 10 0 1.7 §  1.7

http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi
http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi
http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi
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CrCPV to the previously isolated mosquito UsCPV (Shap-
iro et al., 2005) (Fig. 2, lanes 2 and 3) clearly shows a similar
electropherotype proWle. The only noticeable diVerences
between these two CPVs are the very small migration diVer-
ences in segments 2, 3, 6, and 7 (asterisks in Fig. 2). In addi-
tion, comparison of the CrCPV genome segments to
BmCPV-1 (Fig. 2, lane 1) and TnCPV-15 (Fig. 2, lane 4)
illustrates that the RNA electropherotype from Diptera
(mosquitoes) are quite diVerent from those of Lepidoptera.
The estimated basepairs (bp) of the CrCPV genome seg-
ments from Seg-1 to Seg-10 were 3870, 3750, 3580, 3300,
2400, 1900, 1850, 1500, 1500, and 900, respectively, as deter-
mined by comparison with markers and published sequence
sizes for the genome segments of BmCPV-1 and TnCPV-15.

3.5. Sequence determination and analysis of segment 10

The sequence of CrCPV Seg-10 (Fig. 3) was found to be
892 nucleotides long (GenBank Accession No. DQ212785)
and contained one open reading frame (ORF) from nucleo-
tides 62–773. The ORF encodes a predicted protein of 237
amino acids with an estimated molecular mass of »27 kDa.
When puriWed CrCPV was analyzed by SDS–PAGE, a
major band with an apparent molecular mass very close to
that predicted for the translation product (»27 kDa) from
Seg-10 (Fig. 4, lane 2) was observed. The protein proWle of
CrCPV on the SDS–PAGE was similar to that for UsCPV-
17 (Fig. 4, lane 3). Additionally, the theoretical isoelectric
points (pI) for both CrCPV (6.12) and UsCPV-17 (6.08)
were similar. The protein’s secondary structure was pre-
dicted by GOR4 (Garnier et al., 1996) to entail a composi-
tion of 20.7% � helix, 26.6% extended strand, and 52.7%
random coil. This was comparable to UsCPV-17, which
had a predicted secondary structure of 21.9% � helix, 27.9%
extended strand, and 50.2% random coil.

3.6. Comparison of RNA termini

In the family of Reoviridae, the terminal regions of
genome segments are used to classify diVerent virus species
(Mertens et al., 2004a). This criterion was used in the pres-
ent study to assess the similarity between CrCPV and
UsCPV-17. The terminal sequence of CrCPV Seg-10 was
5�-AGAACAAAƒCUACACU-3�, which was similar to
Fig. 1. Transmission electron micrographs of CrCPV-17 infections in the midgut epithelial cells of the posterior stomach of a Weld collected Cx. restuans
larva. (A) An epithelial cell showing an area of accumulation of CrCPV-17 inclusion bodies (IB) where no typical cytoplasmic organelles are present. (B)
An epithelial cell showing several areas of CrCPV-17 inclusion bodies (IB) and an area of virogenic stroma (S). (C) Non-occluded viral particles of
CrCPV-17. (D) An epithelial cell showing an accumulation of large irregularly shaped inclusion bodies. (E) Inclusion bodies of CrCPV-17 containing mul-
tiple as well as single virions. M D mitochondria, N D nucleus, BM D basement membrane, IB D inclusion bodes, and S D Stroma.
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the newly identiWed UsCPV-17 terminal sequence of 5�-
AGAACUUƒ.GUUACACU-3� (Table 3). The Wve termi-
nal bases at the 5� end and six terminal bases at the 3� end
were identical. However, these terminal sequences shared
no similarity with the terminal sequences of the seven other
published Cypovirus species (types 1, 2, 4, 5, 14, 15, and 16).
(Mertens et al., 2004b). For example, Seg-10 from CPV-5
family had a conserved termini sequence of 5�-
AGUUƒƒ.UUGC-3� while the CPV-1 family displayed
5�-AGUAAƒƒ.GUUAGCC-3�.

3.7. Homology with other CPV polyhedrins

Alignment of the Seg-10 from CrCPV and UsCPV-17
nucleotide sequences showed an 83% identity (data not
shown). Furthermore, comparing the amino acid sequences
using BLAST (bl2seq) (Tatiana et al., 1999) of the predicted
ORFs for CrCPV and UsCPV-17 Seg-10 revealed an 87%
identity (Fig. 5). Alignment of the deduced amino acid
sequence of CrCPV Seg-10 to those of other published cyp-
oviruses showed low similarities to only CfCPV-16 (29%)
and AmCPV-4 (23%) (Table 4). The remaining CPVs were
not signiWcantly similar to CrCPV.

4. Discussion

There are over 200 cypoviruses reported from lepi-
dopteran, dipteran, and hymenopteran hosts that have
remained unclassiWed due to the lack of genomic data
(Andreadis, 1981, 1986; Federici, 1985; Mertens et al.,
2004b). A characteristic electrophoretic migration pattern

Fig. 2. Electrophoretic separation of various CPVs on a 1% agarose gel.
BmCPV-1 (lane 1), CrCPV-17 (lane 2), UsCPV-17 (lane 3), TnCPV-15
(lane 4), and 1 kb marker (lane 5). The asterisks between lanes 2 and 3
indicate the visual diVerences between CrCPV-17 and UsCPV-17. The
published segment sizes for BmCPV-1 (lane 1) are labeled to the left of the
Wgure. The published sizes for TnCPV-15 (lane 4) are: Seg-1 D  4361 bp
and Seg-10 D  897 bp.
of the 10 dsRNA segments and their sizes are the major fea-
tures used to characterize CPVs (Mertens et al., 2004b;
Payne and Rivers, 1976; Rao et al., 2003). Currently, only
17 CPV species have been classiWed. Sixteen species are
from Lepidoptera (Mertens et al., 2004b) and one is the
newly discovered UsCPV-17 isolated from a dipteran host
(Shapiro et al., 2005). CrCPV, Wrst discovered by Andreadis
(1986), is an example of a cypovirus that has remained
unclassiWed due to the lack of molecular and genomic data.
Comparison of the electropherotypes of CrCPV with
UsCPV-17 (Fig. 2) revealed a striking similarity between
the two genomes. Further comparison of UsCPV-17 and
CrCPV to BmCPV-1 and TnCPV-15 electropherotypes
illustrates that these mosquito CPVs are distinct from the
lepidopteran CPVs both in migration patterns and size of
the segments. These species parameters proposed by the
International Committee of Taxonomy of Viruses (ICTV)
(Mertens et al., 2004b) support placement of CrCPV into
Cypovirus-17 group (strain CrCPV-17).

Molecular biology techniques, such as comparison of
RNA sequences, serological comparisons of CPV proteins,
cross-hybridization analyses of the dsRNA, or conserved
terminal sequences among isolates in the same species, are
alternative tools that may be used to support classiWcations
of CPVs (Mertens et al., 2004b). Sequence analysis of the
CPV genome Seg-10s, which are the viral polyhedron pro-
tein, shows high homology if isolates of CPVs are from a
similar species group or low homology if isolates are from a
diVerent species group (Mertens et al., 2004b). For example,
isolates of Cypovirus-1 and Cypovirus-5 exhibit nucleotide
and amino acid sequence identities between 80 and 100%
within each type (Table 4). Nucleotide and amino acid com-
parisons of CrCPV-17 with UsCPV-17 revealed an identity
of 83 and 87%, respectively, (Fig. 5 and Table 4). However,
the sequences in the table also illustrate that Seg-10 of
CrCPV is substantially diVerent when compared to the
remaining CPVs. In addition, the conserved terminal
regions of CrCPV are very similar to the terminal regions
of UsCPV-17 (Table 3). Therefore, the sequence data also
support the conclusion that CrCPV is an isolate of the
Cypovirus-17 species group.

The inclusion bodies of CrCPV-17 are located in the
cytoplasm of epithelial cells of the gastric caeca and poster-
ior stomach. The developmental and ultrastructural mor-
phology of CrCPV-17 is very similar to the description of
an isolate from the same host but a diVerent geographical
location (Andreadis, 1986). Overall, the morphology of
CrCPV is comparable to other cypoviruses isolated from
mosquitoes. Inclusion bodies are formed when polyhedron
is deposited around individual virus particles as previously
demonstrated in an unclassiWed CPV from Anopheles
quadrimaculatus (Anthony et al., 1973) and UsCPV-17
(Shapiro et al., 2005). In these species, the majority of inclu-
sion bodies does not coalesce but remain as individual
cuboidal particles that contain only one virion. For
UsCPV-17, the size and arrangement of these inclusion
bodies into paracrystalline arrays result in the midgut
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expressing a unique blue iridescent color (Shapiro et al.,
2005). In CrCPV-17 however, the majority of individual
virus particles coalesce to produce large pleomorphic inclu-

Fig. 4. SDS–PAGE analysis of puriWed CrCPV-17 and UsCPV-17. CrCPV-
17 (lane 1), and UsCPV-17 (lane 2), Bio-Rad SDS Broad Range Standards
in kilodalton (lane 3) were run on a 12% SDS–PAGE gel and stained with
Gelcode Blue Stain Reagent (Pierce). Additional bands (asterisks) are
located on the gel but are not as intense as the major band at »27 kDa.
sion bodies (up to 1 �m) containing multiple virions which
gives the midgut a white opaque color. A similar develop-
mental pattern and appearance has also been reported for
two unclassiWed CPVs in Aedes cantator (Andreadis, 1981)
and Aedes taeniorhynchus (Federici, 1973a,b).

Previous studies by Andreadis (1986) showed that
CrCPV was host speciWc to Cx. restuans and could not be
transmitted to Culex pipiens or Cx. territans. However, the
infection level of CrCPV in Cx. restuans was relatively low
with an average of 10.5% (range D 4.8–15.6%) for vertical
transmission and »17.5% for horizontal transmission. We
document here that Cx. quinquefasciatus also supports
development of this cypovirus. In addition, recent studies of

Table 3
Comparison of Cypovirus segment-10 terminal regions

Bold and underline sequences indicate conserved nucleotides.

Virus strain Terminal region sequences

CrCPV-17 5�-AGAACAAAƒƒƒ ƒƒƒƒƒ CUACACU-3�

UsCPV-17 5�-AGAACUUƒƒƒƒ.ƒƒƒƒ GUUACACU-3�

CPV-1 5�-AGUAAƒƒƒƒƒƒƒƒƒƒ GUUAGCC-3�

CPV-5 5�-AGUUƒƒƒƒƒƒƒƒƒƒƒƒƒ.UUGC-3�
Fig. 3. Nucleotide and predicted protein sequence of Seg-10 of CrCPV-17 (237 amino acids). The initiation and termination codons for CrCPV-17 are
underlined. The translated amino acid is listed below the nucleotide sequence.
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mosquito baculoviruses have demonstrated that transmis-
sion can be enhanced by the divalent cations magnesium,
barium, cobalt, nickel, and strontium or inhibited by cal-
cium, copper, iron, and zinc (Andreadis et al., 2003; Becnel
et al., 2001). Therefore, we tested the possible inXuence of
divalent cations on the transmission of CrCPV-17 to Cx.
quinquefasciatus larvae. The results not only indicated that
CrCPV-17 transmission was enhanced in the presence of
magnesium but also conWrmed that calcium inhibited trans-
mission. These data may potentially establish a transmis-
sion pattern of CPVs in mosquitoes since similar results
were also obtained in transmission studies with UsCPV-17
(Shapiro et al., 2005).

Mosquito CPVs are horizontally transmitted in the lar-
val stages with infections carried through to the adult stage
where vertical transmission results in infected progeny
(Andreadis, 1986; Shapiro et al., 2005). These routes of
transmission for mosquito CPVs provide the potential to
deliver and express genes of interest in adult mosquitoes.
Since mortality is low and infections benign in larvae and
adults, expression vectors or systems based on mosquito
CPVs could potentially be used to deliver and express desir-
able genes (inhibitors, reporter genes, etc.) for laboratory
studies or to control/monitor large population of disease-
vectoring adult mosquitoes. Sequencing of the entire
genomes of CrCPV-17 and UsCPV-17 is currently under-
way as well as methods for growing and manipulating these
viruses in cell culture in an eVort to evaluate this novel
approach as a research tool with potential mosquito con-
trol applications.
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Table 4
Segment 10 amino acid identities from various Cypoviruses

“x” represents the comparison of the same Cypovirus.
Abbreviations for CPV’s: Cr-17, Culex restuans-17; Us-17, Uranotaenia sapphirina-17; Bm-1, Bombyx mori-1; Dp-1, Dendrolimus punctatus-1; Ld-1,
Lymantria dispar-1; Am-4, Antheraea mylitta-4; Ap-4, Antheraea proylei-4; Es-5, Euxoa scandens-5; Ha-5, Heliothis armigera-5; Op-5, Orgyia pseudotsug-
ata-5; Ld-14, Lymantria dispar-14; Tn-15, Trichoplusia ni15; Cf-16, Choristoneura fumiferana-16.

CPV’s Cr-17 Us-17 Bm-1 Dp-1 Ld-1 Am-4 Ap-4 Es-5 Ha-5 Op-5 Ld-14 Tn-15 Cf-16

Cr-17 x 87 — — — 23 23 — — — — — 26
Us-17 87 x — — — 22 22 — — — — — 29
Bm-1 — — x 97 97 — — — — — — — —
Dp-1 — — 97 x 99 — — — — — — — —
Ld-1 — — 97 99 x — — — — — — — —
Am-4 23 22 — — — x 100 — — — — — 29
Ap-4 23 22 — — — 100 x — — — — — 29
Es-5 — — — — — — — x 98 98 — 26 —
Ha-5 — — — — — — — 98 x 100 — 27 —
Op-5 — — — — — — — 98 100 x — 27 —
Ld-14 — — — — — — — — — — x 21 —
Tn-15 — — — — — — — 26 27 27 21 x —
Cf-16 26 29 — — — 29 29 — — — — — x
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